Patterns of growth and development provide information critical for documenting population demographics. Herein we document the reproductive biology for and provide equations that accurately predict the ages of 2 widely sympatric species of bats from central Indiana-the northern myotis (Myotis septentrionalis) and the little brown myotis (Myotis lucifugus). Young of M. septentrionalis were born synchronously (within a 6-day period) and within a narrow size range (mean length of forearm ¼ 12.78 mm, 95% confidence interval [95% CI] ¼ 6 0.52 mm; mass ¼ 1.91 g, 95% CI ¼ 6 0.11 g). Young of M. lucifugus were born during a 42-day period and within a narrow size range (mean length of forearm ¼ 14.26 mm, 95% CI ¼ 6 0.23 mm; mean body mass ¼ 2.19 g, 95% CI ¼ 6 0.08 g). Young of M. septentrionalis were born significantly smaller (t ¼ 4.52, d.f. ¼ 137, P , 0.001) and lighter (t ¼ 2.57, d.f. ¼ 137, P , 0.05) than were young of M. lucifugus. We developed species-specific equations that made it possible to estimate the age of both species of bat to within 1 day. These results indicate that similar-sized and closely related bats grow at comparable rates and provide the 1st detailed information about reproductive biology of M. septentrionalis.
Studies of animal growth and development afford opportunities to examine critical periods in their life history. Understanding these patterns can reveal key aspects of physiology, behavior, and ecology. Constructing predictive equations of growth and qualitative descriptions of development can provide pivotal information about population dynamics. Further, closely related taxa can differ markedly in their developmental patterns (e.g., Sears and Angilletta 2003) , and for bats these differences might reflect both genetic and environmental effects (Kunz and Hood 2000; Kunz and Stern 1995; Tuttle and Stevenson 1982) . Investigations into the presence and nature of such differences in bats may offer additional insight into their ecology and evolution.
Until the 1970s, studies of the growth and development of temperate bats primarily employed a qualitative approach (e.g., Cagle and Cockrum 1943; Orr 1970) . These studies demonstrated that at the intraspecific level, temperate bat species exhibited both synchronized birth (young born within a narrow time frame) and synchronized development (young grow at similar rates). Quantitative studies initiated during the 1980s confirmed these developmental patterns and showed that for juveniles, length of forearm increases in a predictable manner between birth and volancy, and ossification of the finger joints (measured as a decrease in the length of the total epiphyseal gap of the joint) occurs in a predictable manner from approximately the age of 1st flight until young bats become independent (Burnett and Kunz 1982; Hoying and Kunz 1998; Koehler and Barclay 2000; Kunz and Anthony 1982; Kunz and Robson 1995) . Together, length of forearm and total epiphyseal gap have been used to develop mathematical equations to predict the ages of juvenile bats from a number of North American species, including Eptesicus fuscus (Burnett and Kunz 1982) , Myotis lucifugus (Baptista et al. 2000; Fujita 1986; Kunz and Anthony 1982) , Tadarida brasiliensis (Kunz and Robson 1995) , Pipistrellus subflavus (Hoying and Kunz 1998) , and Lasiurus cinereus (Koehler and Barclay 2000) .
Herein, we present age-estimation equations and basic natural history data for 2 species that are sympatric throughout much of eastern North America-the northern myotis (Myotis septentrionalis) and the little brown myotis (Myotis lucifugus).
The reproductive biology of M. septentrionalis remains poorly documented (Caceres and Barclay 2000; Sparks et al. 1999) , whereas the reproductive biology of M. lucifugus is well documented (Baptista et al. 2000; Büchler 1980; Cagle and Cockrum 1943; Fujita 1986; Kunz and Anthony 1982; Moss et al. 1997; Powers et al. 1991) , providing an important source of comparison with M. septentrionalis.
While conducting a survey of a roost used by M. septentrionalis in 1998, we observed an obvious neonate cohabiting with a nearly volant juvenile. This observation along with similar observations by other researchers (D. R. Dourson and J. R. MacGregor, pers. comm.) led us to question if synchronized birth and synchronized growth occurred in M. septentrionalis as reported for other species of bats (Tuttle and Stevenson 1982) . Cohabitation by 2 juveniles of strikingly different sizes could reflect differential birth dates, differential growth rates, or both. At our study site, individual M. septentrionalis roost in different sections of a number of buildings (Veilleux et al. 1998 ), suggesting that bats experience different thermal conditions. This could lead to disparate birth dates among juveniles (if exposed to low temperatures during gestation-Racey 1973), differential growth rates among juveniles (e.g., Hoying and Kunz 1998), or a combination of both factors.
To help understand these observed differences in development, we recorded birth dates and measured postnatal growth rates in M. septentrionalis. To test the hypothesis that neonatal M. septentrionalis are born asynchronously, we measured the range of birth dates for young within our colony and compared this range to that of young of M. lucifugus from a nearby colony, a species that is widely accepted as showing synchrony in birth dates within a colony (Büchler 1980; Burnett and Kunz 1982; Cagle and Cockrum 1943) . We also quantified changes in the length of forearm and total epiphyseal gap to test the hypothesis that juvenile M. septentrionalis were growing at markedly different rates. If juveniles exhibited significantly different growth rates, then we would not be able to develop a single equation for describing their growth. However, if we were able to develop a single mathematical equation capable of reliably predicting the ages of juvenile M. septentrionalis it would suggest that the overall pattern may be similar although individual variation in the rate of growth may be present (e.g., Hoying and Kunz 1998) . For comparison, we developed similar equations for juvenile M. lucifugus from a nearby maternity colony.
MATERIALS AND METHODS
Study sites.-We monitored 2 colonies of bats separated by 65 km, assuring that each colony experienced similar weather conditions. The colony of M. septentrionalis roosted in an unused 1,100-m 2 barn on the Newport Chemical Depot, a 2,874-ha United States Army chemical weapons storage facility in Vermillion County, Indiana, and included approximately 70 adult bats before the birth of young. We chose this location because the base is closed to the public and data on colony dynamics were available from a previous study (Veilleux et al. 1998) . The colony of M. lucifugus used in this study roosted in the 400-m 2 attic of the Poland Historical Chapel, Clay Co., Indiana. The attic was only accessible via ladder, and thus was only disturbed by us during the study; approximately 1,500 bats occupied this roost before birth of young.
Data collection.-We examined bats at these roosts from 31 May to 22 July 2000. To limit disturbance, we entered each roost only every 2nd or 3rd day. We initially entered the roosts at night after the adult bats had left the roost to forage, typically around 2100 h eastern standard time. Once juveniles began to fly, as indicated both by our flight data (see below) and by the absence of bats in the roost at night, we entered the roost during the day to maximize our chances of recapturing marked juveniles. Because small clusters and individual bats were located throughout both roosts, we searched for bats using spotlights and a thermographic imager (ThermaCAM PM575; FLIR, North Billerica, Massachusetts), a valuable technique for locating juvenile endotherms (Galligan et al. 2003) .
Captured bats were marked with uniquely numbered 2.9-mm aluminum wing bands (Lambournes Ltd., Birmingham, United Kingdom [currently Porzana, Ltd.]). The length of the right forearm was measured with digital calipers (precision ¼ 0.01 mm; model 721; L. S. Starrett Company, Athol, Massacusetts), and the total epiphyseal gap of the 4th metacarpalphalangeal joint was measured using an ocular micrometer on a precalibrated 10-30Â zoom dissecting scope (Bausch and Lomb, Rochester, New York) following methods described by Kunz and Anthony (1982) . Pups were weighed to the nearest 0.1 g on a Harvard trip balance (model 1450-SD; Ohaus, Pine Brook, New Jersey). Finally, in an effort to quantify the ontogeny of flight, we released young bats from a height of 1 m over a padded surface (modified from Moss et al. [1997] and Powers et al. [1991] ) and their flight performance was scored on the following scale: flop-animal fell without coordinated wing beats; flutter-the bat flapped, but landed directly below the point of release; flap-the bat flapped and was able to horizontally displace itself from point of release; and flyanimal flew away. After flight tests, nonvolant bats were returned to their roosts. All experimental procedures were performed in accordance with guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) , approved by the Indiana State University Institutional Animal Care and Use Committee, and were conducted under permits issued by the Indiana Department of Natural Resources and with the permission of the United States Army.
Growth equations and statistical analyses.-We developed growth equations using measurements of bats captured at age 1 d and again later in the season; the mean interval between recaptures was 4.2 d for M. septentrionalis (SE ¼ 0.85) and 10.3 d for M. lucifugus (SE ¼ 1.07). Such longitudinal samples are more accurate for developing growth equations than are cross-sectional samples (Baptista et al. 2000) . Juveniles captured with an attached umbilicus were considered to be neonates (Kunz 1973) . Because the umbilicus of bats dehisces within a day of birth on all but a few bats (Kunz 1973) , we evaluated our data to determine whether any bats retained an umbilicus for longer than 1 day, and whether any neonatal bats had lost the umbilicus before capture. Bats that retained the umbilicus beyond 1 d of age were detected by conducting an outlier analysis of forearm measurements that resulted in a single M. lucifugus being eliminated from the data set.
From measurements taken during the summer of 2000, we developed equations by regressing either length of forearm or size of epiphyseal gap against age of the bats, as was done in previous studies (e.g., Burnett and Kunz 1982; Hoying and Kunz 1998; Koehler and Barclay 2000; Kunz and Anthony 1982; Kunz and Robson 1995) . Growth of the forearm was described using both linear and quadratic models between day 1 (the day of birth) and day 15 (the approximate time of 1st flight), whereas changes in epiphyseal gap were modeled using both linear and quadratic equations from day 14 until day 30. These age ranges reflect the ranges used in previous studies and allowed for the maximum precision in age estimation (see below). Using both liner and quadratic equations was essential because although linear models are easier to compare, and some earlier studies were analyzed primarily with linear models (e.g., Burnett and Kunz 1982; Kunz and Anthony 1982) , nonlinear models offer a closer approximation of actual growth patterns (Hoying and Kunz 1998; Koehler and Barclay 2000; Kunz and Robson 1995) . Accordingly, we only present results of the nonlinear analyses.
Previous studies reported growth models generated from all measurements taken during a season (Burnett and Kunz 1982; Hoying and Kunz 1998; Kunz and Anthony 1982; Kunz and Robson 1995) . Generating equations using our complete data set would introduce pseudoreplication because we consistently captured some bats more frequently than others. Thus, some bats would have made a greater contribution to the equation than others. Further, previous authors have documented individual variation in growth rates (e.g., Hoying and Kunz 1998) , which, when considered together with differential capture rates, could potentially change our interpretation of the data. To ensure that each bat received equal representation in our growth equations, we randomly subsampled our data, generating unbiased data subsets that were used as the basis for our predictive equations. For all bats of known ages that were captured at least twice, we randomly selected a single agespecific measurement to represent that individual's contribution to the equations; these unweighted data were then used to generate equations. We calculated descriptive statistics on the model parameters in groups of 5, 10, 15, and 20 individuals (to address sensitivity to sample size), with 5 replicates of each equation. This allowed us to use only a single measurement per bat, but also to obtain a range of ages. We then compared the parameters generated from subsampling to those generated from the full raw data set, allowing us to examine the effect of pseudoreplication.
All calculations and statistical analyses were conducted in SPSS 10.0 for Windows (SPSS Inc., Chicago, Illinois). Growth equations, both linear and nonlinear, were calculated using the standard regression modules of SPSS, version 10.0, and all statistical analyses were performed using 2-tailed tests with a ¼ 0.05.
RESULTS
Natural history of M. septentrionalis.-We detected newborn northern myotis in the roost during a 6-day period, 5-10 June 2000 (Fig. 1) ; the modal birth date was 6 June. All adults observed with young tended only a single juvenile, supporting earlier observations that twinning does not commonly occur in the northern myotis (Whitaker and Hamilton 1998) . On multiple occasions, adult females retrieved young while we were conducting flight tests. Two of these females were banded as juveniles in the same roost during preliminary studies in 1999, indicating female M. septentrionalis demonstrate roost phylopatry.
At birth (Fig. 2) , northern myotis had an average length of right forearm of 12.78 mm (95% confidence interval [95% CI] ¼ 6 0.52 mm, n ¼ 19) and a mass of 1.91 g (95% CI ¼ 6 0.11 g, n ¼ 19). Neonatal pups dropped to the substrate below without flapping their wings (i.e., flop), and this pattern continued for 1 bat until 6 days of age. Fluttering (i.e., flapping without horizontal displacement) developed in some bats as young as 3 days of age and was developed in all bats by day 7 (mean onset ¼ 6.4 d, 95% CI ¼ 6 0.6 d). A single bat flapped (i.e., flapping with horizontal displacement) at 6 days of age and all juveniles were able to displace themselves by age 15 days (mean onset ¼ 13.1 d, 95% CI ¼ 6 2.6 d). Full flight ability was observed in 1 bat at 18 days of age, and was present in all bats older than 21 days of age (mean onset ¼ 20.4 d, 95% CI ¼ 6 0.4 d).
Growth equations for M. septentrionalis.-For northern myotis with length of forearm 30 mm, age was best estimated by using the following equation:
where A ¼ length of forearm taken from all juvenile northern myotis surveyed (Fig. 2) , explained 97% of the total variance in age (R 2 ¼ 0.97), considerably more than was explained by using either a logistic model (R 2 ¼ 0.81) or a linear model (R 2 ¼ 0.87). The equation correctly estimated age to within 1 day over the target range of lengths of forearm (mean estimation Table 1 ). The parameters of the formula that were generated from the pooled data set did not differ significantly from those generated by subsampling (parameter A:
The age of juvenile northern myotis with length of right forearm . 30 mm could be most accurately estimated using the equation:
where A ¼ À0.020399, B ¼ À0.012280, K ¼ 16.298209, and GAP ¼ the length of the epiphyseal gap of the 4th metacarpalphalangeal joint (Fig. 2) . This equation explained nearly 80% of the variance (R 2 ¼ 0.79), more than was explained by logistic (R 2 ¼ 0.69) or linear (R 2 ¼ 0.66) models based on the same data. Over the target size range, this equation made it possible to estimate the age of bats to within approximately 2 days (mean estimation error ¼ 2.4 d, 95% CI ¼ 6 1.3 d; Table  2 ). As with the forearm-based equation, the parameters in this equation did not differ significantly from those generated using subsamples, indicating that a lack of statistical independence was not a confounding issue (parameter A:
This equation can be used to estimate age of bats with an epiphyseal gap , 1.6 mm, above which it is mathematically undefined and therefore cannot be used.
Comparison with M. lucifugus.-The little brown myotis is regarded as having a synchronized birthing pattern (Cagle and Cockrum 1943) . However, we recorded newborn M. lucifugus over a 42-day period (Fig. 1) , 3 June-15 July 2000 (n ¼ 119). Young of M. lucifugus were born (Fig. 3) with longer forearms than were the M. septentrionalis in our study (mean RFA ¼ 14.26 mm, 95% CI ¼ 6 0.23 mm; t ¼ 4.524, d.f. ¼ 137, P , 0.001) and weighed slightly but significantly more at birth (mean mass ¼ 2.19 g, 95% CI ¼ 6 0.08 g; t ¼ 2.569, d.f. ¼ 137, P , 0.05).
Patterns of flight development differed between the 2 species. The onset of fluttering occurred by age 2.13 d on average Table 1 ). The parameters in this equation did not differ significantly from those generated using subsamples, indicating that pseudoreplication did not confound the equation (parameter A:
The following equation can be used to estimate ages of juvenile M. lucifugus with length of right forearm . 30 mm:
where A ¼ 0.4831, B ¼ À0.0207, K ¼ 10.5409, and GAP ¼ the epiphyseal gap of the 4th metacarpal-phalangeal joint. Generated from all epiphyseal gap lengths taken from juvenile M. lucifugus 1-30 days old (Fig. 3) , this equation explained 73% of the variance in age (R 2 ¼ 0.73), more than was explained by using either a logistic (R 2 ¼ 0.67) or linear (R 2 ¼ 0.64) model on the same data. This equation makes it possible to estimate the age of pups with right forearms . 30 mm to within approximately 2 days (mean estimation error ¼ 2.37 d; 95% CI ¼ 6 1.56 d; Table 2 ). Again, parameters generated via subsampling did not differ significantly from those generated from all measurements, indicating that a lack statistical independence was not a confounding issue (parameter A:
. This approach can be used for juvenile M. 
DISCUSSION
Reproductive natural history.-Our results represent the 1st comprehensive investigation of the growth and development of M. septentrionalis. All bats in the colony were born within a narrow 6-day window (Fig. 1) , establishing M. septentrionalis as a species that exhibits synchronous birthing, a trait previously ascribed to other species of temperate bats, including M. lucifugus (Büchler 1980; Cagle and Cockrum 1943; Kunz and Anthony 1982) . Although we only used known-age bats to generate the equations, additional juveniles were present in the roost. Length of forearm and developmental stage of the bats of unknown ages captured during this study suggest these bats were born on days we did not visit the roost, and thus further support the hypothesis of synchronous birthing in M. septentrionalis. Young of M. septentrionalis (Fig. 2) were born small (mean RFA ¼ 12.78 mm; body mass ¼ 1.91 g) with little variation in size (95% CI for length of forearm ¼ 6 0.523 mm; 95% CI for mass ¼ 6 0.109 g). Flight ability developed rapidly, with juveniles having developed a flapping response by age 15 d and full flight ability by 21 d.
By comparing the growth and development patterns of M. septentrionalis with those of M. lucifugus, we aimed to investigate broader patterns in the reproductive biology of temperate bats. We detected newborn M. lucifugus over a 6-week window, in contrast to the 6-day window seen in M. septentrionalis (Fig. 1) . Thus, during this study M. septentrionalis demonstrated greater synchrony of birth dates than did M. lucifugus. Because young of M. lucifugus were born across the period of 1.5 months, we contend that future studies should be aimed at reexamining synchrony of birth dates for this species. Although we examined far more newborn M. lucifugus (119 individuals) than M. septentrionalis (20 individuals), which typically would result in a wider observed birth range for M. lucifugus, the fact that births occurred across such a wide range of dates suggest that these births are only synchronized from the perspective of all pups being born in summer. Further, we found that young of M. septentrionalis are born with smaller lengths of forearm and with a lower body mass than those of M. lucifugus, mirroring the size differences seen in adults (Whitaker and Hamilton 1998) .
We detected significant differences in the development of flight between these 2 species. Young of M. septentrionalis did not attain the ability to flutter as rapidly as M. lucifugus but attained rudimentary flight (i.e., flapped) earlier. There was no difference in the age of development of full flight abilities. Although the differences we detected in the onset of flight between these 2 species were statistically significant, we suspect they are experimental artifacts. We measured the onset of 4 distinct stages in the development of flight, but this developmental pattern is likely more continuous. Thus, visiting the colonies only every 2nd or 3rd day, as we did, could result in a misrepresenting these developmental events. If 1 species developed more rapidly than the other, then we would have expected these differences to be reflected by the more rapidly developing species reaching each milestone sooner. Conversely, M. lucifugus fluttered earlier, whereas M. septentrionalis flapped earlier, and both species began flying at similar ages.
Juvenile M. lucifugus studied in New Hampshire using similar techniques appeared to require more time to reach comparable milestones than did the juvenile M. lucifugus in our study. Bats from New Hampshire were recorded fluttering at an average age of 9.8 6 1.2 d (means 6 95% CI), flapping at 17.3 6 7.0 d, and flying at 23.8 6 1.3 d (Powers et al. 1991) . These results should be interpreted with caution because of 2 differences in study design. First, Powers et al. (1991) used a release point of 1.5 m above the padded surface, whereas we used 1 m. The additional drop distance would have allowed the New Hampshire bats more time to respond and thus should have resulted in developmental milestones being detected sooner relative to our study. In addition, Powers et al. (1991) used the growth equations described by Kunz and Anthony (1982) to obtain the ages of bats used in the study. As such, Powers et al. (1991) measured the average age at which a behavior was displayed, whereas we report the earliest date the behavior was observed for each bat. These methodological issues become less important when considering that the bats in our study were often a full developmental step ahead of similaraged bats in New Hampshire.
Growth equations.-By regressing data for either length of forearm or size of epiphyseal gap against age, we developed equations for estimating the age of individuals of each species, indicating that within a species and colony, juveniles grew at similar rates. For M. septentrionalis (Fig. 2) , our forearm-based formula explained greater than 96% of total variance in age and our epiphyseal gap-based formula explained nearly 80% of the variance, meeting or exceeding the robustness of previously published growth equations (e.g., Kunz and Anthony 1982) . The equations for the growth and development of M. lucifugus were similarly robust (Fig. 3) .
We evaluated the impact of nonindependent data on our species-specific growth equations. To account for the fact that some bats were more frequently recaptured than others and thus contributed more data points than others, we generated unbiased data sets by randomly selecting a single age-specific measurement for each individual. We compiled these data sets in groups of 5, 10, 15, and 20 individual bats, with each data set repeated 20 times. We found no significant difference between parameters generated from our subsampling regime compared to those generated from the raw data, ruling out statistical independence of measurements as a confounding issue.
An observation of an obviously neonatal M. septentrionalis cohabiting with a nearly volant juvenile provided the initial motivation for this study. Such differences in developmental stage could have arisen from differences in birth dates, differences in growth rates, or both; we observed no such differences in our study. Our results suggest that young of M. septentrionalis in this colony are born synchronously within a very narrow range of dates and develop at similar rates, leaving the observation that provided the motivation for this study unexplained. The initial observation, made during a preliminary study in 1998, was the only instance during which we observed such vast differences in developmental stage among juvenile bats in the colony. Based on its rarity and our strong empirical evidence for northern myotis exhibiting synchronous birth and development, we feel that such a discrepancy in developmental stages among young is likely an anomaly rather than the norm.
The synchrony of growth rates exhibited by both species in the survey does not appear to be driven by environmental effects. Our thermographic analyses (ThermaCAM PM575; FLIR) revealed that temperatures within our colonies varied by as much as 308C across just a few centimeters, indicating that juveniles within a colony were exposed to a wide variety of environmental temperatures. Nevertheless, we documented strong intraspecific synchrony of birth dates in M. septentrionalis. Maternity colonies of many bats are matrilineal (e.g., Burland et al. 2001 ) and therefore colony members might exhibit a high degree of genetic relatedness, which could result in comparable growth rates among pups within a colony; however, there is some evidence for a lack of this degree of genetic relatedness within colonies of M. lucifugus (Watt and Fenton 1995) . Alternatively, growth and development rates might be highly conserved at both the intra-and interspecific levels. We documented individuals from 2 different species that use markedly different roosts but exhibit similar postnatal growth rates; thus growth rates appear to be highly conserved between closely related taxa.
Comparisons of growth equations.-To investigate similarities in growth patterns between closely related species, we compared the ability of the equations we developed for M. septentrionalis and M. lucifugus to correctly estimate the ages of the other species. We found no difference in the reliability with which either forearm-or epiphyseal gap-based equations for M. septentrionalis and M. lucifugus could be used to estimate the age the other species (Tables 1 and 2 ), indicating that juvenile M. septentrionalis and M. lucifugus at this latitude grow at similar rates.
In addition to their value for bat ecologists, our findings regarding the similarity of growth rates between juvenile M. septentrionalis and M. lucifugus are of interest to wildlife managers and conservation biologists. The strikingly similar growth patterns exhibited by M. septentrionalis and M. lucifugus indicate that, within a geographic region, the ages of closely related species of similar-sized bats can be estimated using the same equations. Although the precision with which our equations can predict the ages of either species of bat (Tables 1 and 2 ) is insufficient for some applications, such as examining maternal effects (Hoying and Kunz 1998) , the ability to age juvenile bats to within 2 days affords wildlife managers and conservation biologists the opportunity to easily document the population biology of multiple bat species using a single set of equations. This would be of particular use to wildlife managers working with species for which growth equations have yet to be developed. Moreover, researchers could rely on such growth equations to estimate the ages of juveniles from those species that, because of their habits or protected status, cannot be easily measured. For example, central Indiana is inhabited by 3 similar species of the genus Myotis-M. septentrionalis, M. lucifugus, and M. sodalis (Mumford and Whitaker 1982; Veilleux et al. 1998) . Because M. sodalis is a United States federally endangered species that regularly roosts in small colonies under exfoliating bark (Humphrey et al. 1977) , developing a specific equation for predicting the ages of juveniles is neither practically nor ethically possible. A method of estimating the age of M. sodalis could aid in conservation and management efforts. In fact, under certain conditions the ability to estimate the age of juvenile bats of this species is required for proper management of a species (Belwood 2002) . Evidence of similar growth rates by M. septentrionalis and M. lucifugus could provide a proxy for studying growth of M. sodalis. Based on our findings and the need for these pivotal data, we propose that the equations we developed for estimating the ages of juvenile M. lucifugus and M. septentrionalis could be used to estimate the ages of juvenile M. sodalis. Specifically, given the similar sizes of M. lucifugus and M. sodalis, using age-estimation equations developed for M. lucifugus would likely provide practical estimates of ages of juvenile M. sodalis.
Researchers wishing to estimate the age of bats with equations developed for different species should only do so within a restricted geographic area. Chiropteran growth and development patterns exhibit marked geographic variation, even within a single species (Fujita 1986) , limiting the application of growth equations to their general areas of origin. Thus, our growth equations should not be widely applied outside of the midwestern United States, and we encourage researchers to either use or generate geographically specific equations whenever possible.
Future studies of chiropteran growth rates should be conducted within a broad geographic and phylogenetic context. Studying bats from populations across a wide geographic range will reveal the level of geographic variation in growth and development patterns, providing both a thorough understanding of the basic biology of these bats and also a more specific context within which wildlife managers can work. Similarly, by expanding the phylogenetic context of these inquiries, researchers will be able to elucidate the degree to which patterns of growth and development are conserved across closely related bats and across temperate bats in general. Together, these studies will offer a more complete ecological and evolutionary viewpoint of growth and development patterns among temperate bats.
